Vascular injury induces a potent inflammatory response that influences vessel remodeling and patency, limiting long-term benefits of cardiovascular interventions such as angioplasty. Specialized proresolving lipid mediators (SPMs) derived from v-3 polyunsaturated fatty acids [eicosapentaenoic acid and docosahexaenoic acid (DHA)] orchestrate resolution in diverse settings of acute inflammation. We hypothesized that systemic administration of DHA-derived SPMs [resolvin D2 (RvD2) and maresin 1 (MaR1)] would influence vessel remodeling in a mouse model of arterial neointima formation (carotid ligation). In vitro, SPM treatment inhibited mouse aortic smooth muscle cell migration (IC 50 @ 1 nM) to a PDGF gradient and reduced TNF-a-stimulated p65 translocation, superoxide production, and proinflammatory gene expression (MCP-1). In vivo, adult FVB mice underwent unilateral carotid artery ligation with administration of RvD2, MaR1, or vehicle (100 ng by intraperitoneal injection at 0, 1, 3, 5, and 7 days after ligation). In ligated carotid arteries at 4 days, SPM treatment was associated with reduced cell proliferation and neutrophil and macrophage recruitment and increased polarization of M2 macrophages in the arterial wall. Neointimal hyperplasia (at 14 d) was notably attenuated in RvD2 (62%)-and MaR1 (67%)-treated mice, respectively. Modulation of resolution pathways may offer new opportunities to regulate the vascular injury response and promote vascular homeostasis.-Akagi, D., Chen, M., Toy, R., Chatterjee, A., Conte, M. S. Systemic delivery of proresolving lipid mediators resolvin D2 and maresin 1 attenuates intimal hyperplasia in mice. FASEB J. 29, 000-000 (2015). www.fasebj.org
PERIPHERAL ARTERIAL DISEASE (PAD) is increasing in prevalence on a global scale because of a combination of population aging, diabetes, and lifestyle-related risk factors (1).
Modalities of treatment for patients with symptomatic PAD include exercise, medical, surgical, and endovascular interventions (2) . Although the utilization of invasive PAD treatments is steadily rising, limited durability of both endovascular and bypass surgery procedures remains a common and increasingly costly problem (3) . It is established that atherosclerosis is an inflammatory disease (4) . The pathologic hallmark of these vascular treatment failures is neointimal hyperplasia, an excessive healing response that has been linked to inflammation. The attenuation of neointimal hyperplasia after various clinical forms of vascular injury remains a critical scientific need in the management of advanced PAD, as well as other chronic forms of atherosclerosis (e.g., coronary, cerebral).
Recent evidence suggests that the resolution of inflammation is an active process, partly organized by specialized proresolving lipid mediators (SPMs) derived from n-6 and n-3 polyunsaturated fatty acids (PUFAs) (5) . SPMs include 4 distinct biochemical families: lipoxins, protectins, resolvins, and maresins (5-7). Resolvins were identified from resolving exudates in self-limited murine inflammation models and divided into 2 groups by synthetic pathway: D-series resolvins (RvD) are derived from docosahexaenoic acid (DHA) and E-series resolvins (RvEs) from eicosapentanoic acid (EPA) (5, 6) . Various reports have shown beneficial effects of RvDs and RvEs in vivo across a broad range of animal models of inflammation (6) . Maresins (e.g., MaR1) are a recently identified genus of SPM, also delivered from DHA via a novel epoxide intermediate (7) . MaR1 has shown homeostatic activity in models such as acute lung injury, colitis, and tissue regeneration (8) (9) (10) . Vascular effects of MaR1 have not been reported previously.
Local biosynthesis of lipid mediators, including lipoxin A4, RvD1, and protectin D1 protects against atherosclerosis in apolipoprotein E-deficient mice (11) . In earlier work, we demonstrated that vascular smooth muscle cell (VSMC) phenotype may be directly modulated by SPMs (lipoxins and resolvins) and that levels of 1 SPM (lipoxin A4) were inversely correlated with the severity of peripheral atherosclerosis in patients (12) . More recently, we reported that the D-series resolvins RvD1 and RvD2 exhibited a broad range of effects on VSMC (anti-inflammatory, antimigratory, and antiproliferative) and attenuated neointimal hyperplasia in a rabbit balloon injury model, when delivered directly to the injured artery (13) . Here we sought to examine the hypothesis that resolution of a local vascular injury could be enhanced by systemic administration of SPM (RvD2 and MaR1), using a mouse model of flow-induced remodeling. This report supports the translational concept of augmenting biochemical pathways of resolution in the setting of vascular injury.
MATERIALS AND METHODS
Mouse aortic smooth muscle cell isolation and culture Mouse aortic smooth muscle cells (ASMCs) were isolated from aorta of adult male FVB mice as described previously (14) . Aortas were harvested and dispersed by enzymes with collagenase, soybean trypsin, and elastase in DMEM containing 20% fetal bovine serum (FBS). The adventitial layer was stripped off after incubation with enzymes for 10 minutes, and then the endothelial layer was scraped. Tissues were incubated in enzymatic solution again for 1 h, and ASMCs were collected. Primary mouse ASMCs were maintained in DMEM (low glucose; HyClone Laboratories, Logan, UT, USA) containing 10% FBS (Invitrogen Life Technologies, Grand Island, NY, USA) and used between passages 3 and 6. ,16R,17S-trihydroxy-4Z,8E,10Z,12E,14E,19Z-DHA) and  MaR1 (7R,14S-dihydroxy-4Z,8E,10E,12Z,16Z,19Z-DHA) were purchased from Cayman Chemical Company (Ann Arbor, MI, USA).
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Migration assays
ASMC migration was evaluated using a modified Boyden assay with 8 mm pore transwell inserts, as described previously (15) . Cells were pretreated with RvD2 or MaR1 (0.01, 1, or 100 nM) for 30 min before the addition of platelet-derived growth factor-BB (PDGF-BB, 50 ng/ml; Sigma-Aldrich, St. Louis, MO, USA) as a chemoattractant to the bottom wells. All test compounds were present in both top and bottom wells for the full duration of chemotaxis experiments (6 h). In some experiments, pertussis toxin (PTX, 100 ng/ml; Calbiochem EMD Chemicals, San Diego, CA, USA) was added to the cells 30 min before the addition of RvD2 and MaR1. All treatment conditions were performed in triplicate.
The scratch (wound) assay was used as a complementary approach to evaluate ASMC migration, as described previously (16) . Cells were plated at confluent status for 24 hours and then pretreated with RvD2 or MaR1 (100 nM) for 30 minutes before the addition of PDGF-BB (50 ng/ml; Sigma-Aldrich) as a chemoattractant, simultaneous with creation of a 900 mm wound in the plate using a 200 ml pipette tip. Cell migration area was evaluated 24 hours after scratching was performed. All treatment conditions were performed in quadruplicate.
Superoxide production
ASMCs were seeded and grown on chamber slides at a density of 10,000 cells per chamber for 2 days, followed by treatment with 10 ng/ml TNF-a with or without RvD2 and MaR1 (10-500 nM) in serum-free medium for 18 hours. ASMCs were incubated with dihydroethidium (DHE; 5 mM; Invitrogen) in serum-free medium for 30 minutes at 37°C in a humidified chamber protected from light. DAPI nuclear counterstaining was used. Fluorescence was detected with a tetramethylrhodamine isothiocyanate filter allowing the detection of the DHE emission wavelength of 590-620 nm. The fluorescence lamp gain was standardized for all images and analyses. Fluorescence intensity was quantified using ImageJ software (National Institutes of Health, Bethesda, MD, USA). For ASMCs, the fluorescence intensity was determined for untreated DHE-stained cells from each experimental group, and intensity measurements from treated cells were then normalized to the corresponding value.
Nuclear translocation of p65
Activation of the transcription factor NF-kB involves translocation of the p65 subunit from cytoplasm to nucleus, which may be detected by immunofluorescent staining of p65 (17) . ASMCs were seeded and grown on chamber slides at a density of 10,000 cells per chamber for 2 days, followed by treatment with 10 ng/ml TNF-a with or without RvD2 and MaR1 (10-500 nM) for 4 hours. 
Analysis of proinflammatory gene expression by quantitative RT-PCR
ASMCs were plated onto 6-well plates at semiconfluency in DMEM plus 10% FBS. Cells were then made quiescent by placing them in serum-free medium for overnight before the start of the experiments. Cells were pretreated with or without RvD2 or MaR1 at 10 or 100 nM for 30 minutes, followed by the addition of cytokine (TNF-a, 5 ng/ml) for 18 h. Total RNA was isolated with the RNeasy Mini Kit (Qiagen, Germantown, MD, USA) with RNasefree DNase treatment according to the manufacturer's protocol. Total RNA was used to generate cDNA using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) for subsequent quantitative RT-PCR. Amplified DNA was detected by incorporation of SYBR Green (Qiagen). Dissociation curve analyses were performed to confirm the specificity of the SYBR Green signal. Data were normalized to 2 reference genes (hypoxanthine phosphoribosyltransferase 1 and acidic ribosomal protein). The primers used are listed in Table 1 . All of the primer pairs spanned across introns.
Animal experiments
All animal experiments were performed under a protocol approved by the University of California-San Francisco Animal Care Committee. FVB male mice (Charles River Incorporated, Hollister, CA, USA), 6-8 weeks of age, and maintained on a normal diet (5053, LabDiet, St. Louis, MO, USA) were used in all experiments. Animals were anesthetized for surgical procedures with inhalation of isoflurene for appropriate anesthetic depth. The carotid ligation model was performed as described previously (18) . A midline incision of the neck was made, and the left common carotid artery was exposed and ligated just proximal to the bifurcation of internal and external carotid arteries with 7-0 polypropylene suture. In some groups of experiments, the bifurcations of left carotid arteries of mice were only exposed but not ligated (sham operation).
Systemic administration of SPMs
RvD2 or MaR1 (100 ng/mouse for each dose) was administered by the intraperitoneal route. As controls, vehicle (normal saline with 0.1% ethanol) was also administered. These SPMs or vehicle solutions were administered 4 hours prior to the carotid ligation (day 0) and then at 1, 3, 5, and 7 days after operation.
For evaluation of acute effects, mice (n = 4/group) were killed at 4 day after injury by inhalation of carbon dioxide. Injured carotid arteries were harvested, and cryosections were prepared for immunohistochemistry. For evaluation of neointimal hyperplasia and vessel remodeling, mice were killed at 14 days after injury (n = 10/group), and the tissue was perfusion fixed in 10% formalin. Vessels were then fixed overnight in 10% formalin and processed for embedding and sectioning.
Immunohistochemical staining
Immunofluorescent staining on specimens harvested at 4 days was performed on 6 mm thick frozen sections fixed by ice-cold acetone. Anti-neutrophil antibody (NIMP-R14, 1:100; Abcam, Boston, MA, USA) was used for detection of neutrophil infiltration. MOMA-2 (1:100; Cedarlane, ON, Canada) and anti-liver arginase antibody (Arg-1, 1:300; Abcam) were used for detection of macrophage/monocyte and M2 macrophage, respectively. Anti-Ki67 (1:80; Abcam) was used for detection of proliferating cells. After using proper biotinylated secondary antibodies, goat anti-mouse IgG-conjugated streptavidin-conjugated Alexa Fluor 594 (1:100; Invitrogen) and fluorescent streptavidin (1:100; Vector Laboratories, Burlingame, CA, USA) was used. DAPI (Invitrogen) nuclear counterstaining was used on all the immunofluorescent staining. Photography was performed with Olympus BX51 microscope (Olympus America, Center Valley, PA, USA) with an EXFO X-cite 120 system (EXFO Photonic Solutions, Mississauga, ON, Canada), Olympus DP70 digital microscope camera, and DPController software (Olympus). Three sections taken 1000 mm proximal to the ligature were used for analysis. To determine the precise location of sections, the number of sliced sections was counted using the microtome, measuring the distance. The macrophage/monocyte and neutrophil infiltration index was calculated as the ratio of the number of positively stained cells to the total number of DAPIpositive nuclei. The proportion of Ki67-positive cells was also calculated with DAPI-positive cell number.
Perfusion-fixed specimens harvested at 14 d were processed for immunohistochemistry to identify proliferating cells and smooth muscle identity in the neointimal lesions. The primary antibody used for VSMC identification was monoclonal antiactin, a-smooth muscle-Cy3 antibody produced in the mouse (Sigma-Aldrich). The M.O.M. immunodetection kit (Vector Laboratories) was used, and final staining was done with 3-amino-9-ethylcarbazole, counterstained with hematoxylin. To identify the relationship of proliferating cells and VSMCs, double staining with anti-Ki67 antibody (1:10) and anti-actin, a-smooth muscle-Cy3 antibody (1:750) was also performed. After using proper biotinylated secondary antibodies, streptavidin-conjugated AlexaFluor 594 for a-smooth muscle cell actin and fluorescent streptavidin for Ki67 were used, with DAPI nuclear counterstaining.
Morphometry
Morphology was evaluated from 6 mm thick cross-sections of injured arteries harvested at 14 d, centered at 2500 mm from the ligature. Elastin staining was performed on cross sections of perfusion-fixed common carotid arteries with the elastic stain kit (Thermo Fisher Scientific, Runcorn, Cheshire, United Kingdom). Areas of neointima, media, adventitia, and lumen of carotid arteries were measured by ImageJ software. Each value was calculated as the average of 3 sections measured per vessel.
Statistical analysis
Data are shown as means 6 SE. Direct comparisons were made using an unpaired Student t test. Multiple comparisons were made with the Dunnett post hoc test. In all cases, P , 0.05 was considered significant.
RESULTS
RvD2 and MaR1 attenuate mouse ASMC migration
Chemotaxis of ASMC toward a PDGF-BB gradient was significantly reduced by RvD2 and MaR1 pretreatment in a dose-dependent manner. The maximum percentage reduction in the cell migration assay was 74% for 100 nM RvD2 (P , 0.01) and 80% for 100 nM MaR1 (P , 0.01). The IC 50 observed for this effect was 1 nM. The effects of RvD2 or MaR1 on PDGF-BB-induced chemotaxis were sensitive to inhibition by PTX, demonstrating a role for G-protein coupled receptors in modulating this response (Fig. 1A, B) .
In a similar fashion, both SPMs reduced wound closure of mouse ASMCs in the scratch assay. The area covered with migrated cells was reduced by 100 nM RvD2 (36% reduction, P , 0.01) and MaR1 (28% reduction, P , 0.05) treatment, respectively (Fig. 1C) . Serum (10%) stimulated proliferation of cultured ASMCs was reduced by exposure to both RvD2 (10% inhibition RvD2 at 500 nM; P , 0.05) and MaR1 (12% inhibition in MaR1 at 100 nM; P , 0.05; Supplemental Fig. S1 ).
Anti-inflammatory effects of RvD2 and MaR1 in cultured mouse ASMCs
Inflammatory cytokines such as TNF-a activate molecular pathways in ASMCs that potentiate the local response, including the induction of chemokines, cytokines, adhesion molecules, and oxidant stress. Reactive oxygen species such as superoxide enhance inflammation via secondary amplification pathways in the vessel wall. RvD2 or MaR1 pretreatment of ASMCs significantly reduced TNF-a-induced superoxide production across the range (10-500 nM) of tested SPM doses (% reduction: RvD2 46% at 500 nM and MaR1 53% at 500 nM; Fig. 2 A, B) . We examined the activity of the key transcription factor NF-kB, which is known to regulate inflammatory pathways in ASMCs (Fig. 2C, D) . Treatment with RvD2 or MaR1 significantly blunted TNF-a-stimulated p65 nuclear translocation compared with controls, in a dosedependent fashion (% inhibition: RvD2 24% at 500 nM and MaR1 28% at 500 nM). We also examined TNF-astimulated expression of selected target genes in ASMCs, including intercellular adhesion molecules and proinflammatory cytokines, using quantitative real-time RT-PCR (Fig. 2E) . Induced expression of the key chemokine monocyte chemotactic protein-1 (MCP-1) was significantly attenuated by both RvD2 and MaR1 (% attenuation: 44% for RvD2 at 100 nM, 39% for MaR1 at 100 nM). No significant differences were seen for IL-6, vascular VCAM-1, and ICAM-1 expression following TNF-a stimulation.
SPM treatment alters leukocyte recruitment to injured carotid arteries
The mouse carotid ligation model was used to examine the influence of systemic SPMs on local inflammation and remodeling. Systemic administration of both RvD2 and MaR1 significantly reduced acute leukocyte recruitment in the ligated carotid arteries at 4 d. Neutrophil infiltration (NIMP-R14) was reduced 48% by RvD2 and 56% by MaR1 (Fig. 3A, C) . Monocyte/macrophage infiltration (MOMA-2) was also reduced 48% by RvD2 and 43% by MaR1 (Fig. 3B, D) . Active SPM treatment appeared to influence the polarization (M1 vs. M2) of macrophages within the injured artery wall. Although the absolute number of M2 macrophages (Arg-1) was reduced 49% by RvD2 and 51% by MaR1 (Fig. 3D) , the proportion of M2 macrophages to total MOMA(+) cells was increased in arteries from RvD2= (64%) or MaR1-(51%) treated mice compared with vehicle-treated controls (43%; Fig. 3E ).
SPM treatment reduces the proliferative response to arterial injury in vivo
Proliferating cells in injured arterial walls were detected by immunostaining of Ki67 (Fig. 4A, B) . Systemic RvD2 and MaR1 treatment reduced the early proliferative Representative merged images of p65 translocation assay, counterstained with DAPI. C) Positive control (TNF-a 10 ng/ml for 4 hours), negative control (no treatment), TNF-a with 100 nM RvD2, and TNF-a with 100 nM MaR1. D) Quantitative comparison represented by the ratio of p65 fluorescence intensity of nucleus to cytoplasm. *P , 0.05, **P , 0.01 vs. control; Dunnett post hoc test. Results are means 6 SE. E) Proinflammatory gene expression in ASMCs was modulated by RvD2 and MaR1. ASMCs were stimulated with TNF-a (5 ng/ml) for 18 hours in the presence or absence of RvD2 or MaR1 (100 or 10 nM, respectively), and quantitative PCR was performed. Proinflammatory gene expression of IL-6, ICAM-1, MCP-1, and VCAM-1 were measured. Shown is a significant attenuation in the expression of MCP-1 at 10 and 100 nM RvD2 and at 100 nM MaR1, with a nonsignificant trend of decrease in IL-6, ICAM-1, and VCAM-1 (n = 5). *P , 0.05 vs. control; Dunnett post hoc test. Results are means 6 SE. 
SYSTEMIC SPMS ATTENUATE INTIMAL HYPERPLASIA
Vessel remodeling in ligated carotid arteries was modulated by systemic RvD2 and MaR1 treatment
Representative images of perfusion-fixed ligated carotid arteries, stained for elastin and SMC-actin, are shown (Fig.  5A, B) . Neointimal hyperplasia occurred in the ligated arteries at 14 days and was comprised primarily of actin(+) VSMCs. Robust neointimal hyperplasia developed in control mice, which was notably reduced in both active SPM treatment groups.
Morphometric analysis demonstrated that systemically administered RvD2 or MaR1 significantly attenuated neointimal hyperplasia at 14 days after carotid artery ligation (Figs. 5A and 6A, B) . The neointima/media area ratio was significantly reduced in RvD2-and MaR1-treated mice (67% by RvD2 and 71% by MaR1). Carotid artery neointimal area was specifically reduced (0.028 mm 2 by RvD2 and 0.024 mm 2 by MaR1 versus 0.073 mm 2 by controls, respectively), whereas medial, adventitial, and whole vessel areas were not significantly influenced by RvD2 or MaR1 treatment at 14 days. Lumen area was not significantly increased by RvD2 and MaR1, although the smallest lumen group was the control-treated one. There were no differences in overall vessel size among the contralateral (noninjured) sides of the common carotid arteries from RvD2, MaR1, or vehicle treatment (data not shown).
DISCUSSION
The present report demonstrates that systemic administration of the DHA-derived proresolving lipid mediators RvD2 and MaR1 attenuates neointimal hyperplasia and vessel remodeling in a mouse model of arterial injury. We demonstrate reduced neutrophil and monocyte/ macrophage recruitment, as well as increased M2 polarization in the arteries of treated mice. Early proliferation in the vessel wall was significantly reduced. Our in vitro studies suggest that these SPMs have direct effects on VSMCs including reduced migration to PDGF and altered response to inflammatory stimuli (TNF-a). Taken together these findings suggest that the mechanisms by which SPMs influenced neointima development in this model are likely related to alterations in both leukocyte-vessel wall interactions, as well as direct effects on the VSMC phenotype.
Bioactive lipid mediators such as prostaglandins, leukotrienes, and sphingolipids are known to play critical roles in the acute vascular responses to tissue injury and inflammation. Recent identification of a "resolution metabolome" based on the identification of SPMs derived from n-6 (arachidonic acid) and n-3 (EPA, DHA) fatty acids has expanded the biochemical understanding of homeostasis (6) . These SPMs were initially isolated from inflammatory exudates in models of self-limited inflammation (19, 20) . In recent advances, diseases based on protracted inflammation have been considered as potential therapeutic applications for the anti-inflammatory and "proresolving" effects of SPMs (5, 6) . In prior studies, we provided evidence that SPM pathways and receptors are identified in injured vessels and directly mediate phenotypic changes in vascular cells (12, 13) . The present work extends these observations to demonstrate the relevance of systemic augmentation of SPM pathways in the setting of acute flowmediated vascular remodeling. The systemic dose protocol used here was empirical, based on a previous report in a mouse model of sepsis (20) . These data collectively support the hypothesis that exaggerated neointimal hyperplasia may be linked to deficient resolution of the acute inflammatory response, generalizable across a broad spectrum of vascular injury and remodeling scenarios.
The characterization of the molecular circuits of resolution, including regulation of the synthetic pathways, identification of specific receptors in target cells, and downstream signaling events remain under active investigation. RvD2 was originally identified in resolving murine exudates and has shown biologic effects in murine models of peritonitis with sepsis (20) , colitis (21), pain (22, 23) , burns (24, 25) , bone remodeling (26, 27) , and metabolic syndrome (28) . Specific receptors for RvD2 are not as yet identified; however, multiple lines of evidence including data presented here suggest that, like other SPMs, these are likely to include members of the G-protein coupled receptor family. MaR1 is a macrophage product also first identified in resolving mouse peritonitis exudates and demonstrating protective effects in models of colitis, lung injury, tissue regeneration, and inflammatory pain (8) (9) (10) . Receptors for MaR1 are also unknown at the present time. Elucidation of these SPM receptors will be key to furthering the understanding of their mechanisms of action and subsequent therapeutic targeting.
In previous reports of carotid artery ligation in mice, low and oscillatory shear stress was observed, inflammatory genes were expressed, and reactive oxygen species production increased (29) (30) (31) . Ligation of the carotid artery induces neointimal hyperplasia as a downstream outcome of vessel remodeling. Although different from an acute mechanical injury (e.g., balloon or wire) and not performed in a background of atherosclerosis, the model has utility for examining the role of inflammation in the arterial injury response. Confirming other reports, we demonstrate that the neointima formed in this model over the first several weeks is comprised primarily of VSMCs. Migration and proliferation of VSMCs occur as a downstream result of increased growth factor and inflammatory mediator availability (17, 32, 33) . Other reports have demonstrated reduced neointimal hyperplasia in this model by targeting inflammation (34, 35) . Our results indicate that RvD2 and MaR1 administration was associated with significant effects on neointima formation in this model, without changes in overall vessel size. Given the overlapping effects of SPMs on resident vascular cell activity as well as leukocyte phenotype, we are unable to pinpoint a single specific mechanism as the primary driver of the altered arterial remodeling observed.
In the process of resolution of inflammation, the principal local leukocyte population converts from neutrophils to macrophages and the dominant macrophage phenotype switches from proinflammatory M1 to proresolving M2 (6). In our previous study of balloon angioplasty in rabbits, total leukocyte infiltration was reduced by local delivery of RvD2 (13) . In the present study, we further characterize the acute effects of SPM on leukocyte recruitment and phenotype in arterial injury. RvD2 and MaR1 treatment decreased infiltration of polymorphonuclear leukocytes and monocytes/macrophages and altered the dominant macrophage phenotype toward M2. MCP-1 recruits monocytes to the sites of inflammation produced by either tissue injury or infection (36, 37) . MCP-1 contributes to progression of atherosclerosis and acute myocardial infarction (38) . We show that RvD2 and MaR1 suppressed MCP-1 expression from activated ASMCs. M2 macrophages play important roles for maintaining homeostasis against inflammation (39, 40) and atherosclerosis (41, 42) . Resolvins stimulate conversion from M1 to M2 macrophages in several models (43, 44) . Recent reports showed that a precursor of MaR1 shifted phenotype of macrophages from M1 to M2 in vitro (45) . Phenotype switch from M1 to M2 induced by MaR1 was observed in an experimental colitis model in vivo (9) . There are no prior reports of SPM effects on macrophage polarization in vascular injury. We speculate that the reduction in neutrophil recruitment and alteration in macrophage polarization are important for resolving inflammation and reducing neointima formation after vascular injury.
DHA is the precursor of both RvD2 and MaR1 and is largely derived in the human diet from marine sources. Intake of fish oil is considered as potentially protective against cardiovascular disease, although the existing evidence from clinical trials remains mixed. It is currently unknown whether supplementation of n-3 PUFAs could reduce neointimal hyperplasia after vascular intervention or surgery. It is noteworthy that recent studies suggest that short-term high-dose nutritional supplementation with fish oil can alter the lipid metabolome in subjects with peripheral artery disease, suggesting the basis for further interventional trials in this population (46) . In summary, our study demonstrates that systemic administration of 2 DHA-derived SPMs (RvD2 and MaR1) attenuates low flowinduced arterial remodeling in mice, likely via effects on leukocyte trafficking, macrophage, and VSMC phenotype. Augmentation of resolution by local or systemic delivery of the bioactive SPM, or their biochemical precursors, may have beneficial effects on vascular healing.
